We examined the fouling organisms on the exoskeleton of 762 adult male snow crabs (Chionoecetes opilio) from 10 sampling stations situated in the southern Gulf of St. Lawrence (SGSL) and the Scotian Shelf (SS) off the eastern coast of Canada. A total of twenty-one sessile invertebrate families were observed on the exoskeleton of crabs. Epibiotic families occurring on 10% or less of crabs were considered minor foulers, while families occurring in 50% or more were considered major foulers. Nine minor and 3 major families were observed in the SGSL. The most important taxa were the bryozoans Alcyonidium spp. (87.5%) and Hippothoa spp. (77.5%), as well as the polychaetes Spirorbis spp. (68.8%). Eight minor and 3 major families were observed in the SS. The principal taxa belonged to the cirripeds Balanus spp. (89.1%), the bryozoans Alcyonidium spp. (78.2%) and the polychaetes Spirorbis spp. (77.2%). The relative abundance of each of the taxa observed on crabs suggests that differences in the structure of the community exist between the two studied regions and within a given region. These differences were confirmed by multivariate analyses (e.g., MDS plot, ANOSIM and SIMPER analyses). Variations between the fouling communities are mainly driven by the presence/absence of bryozoans and barnacles. Our results also tend to show that the Cape Breton region may act as a transition zone between the SGSL and the SS. Results are discussed in a general ecological context. Potential stock management implications are also underlined.
INTRODUCTION
The snow crab, Chionoecetes opilio (O. Fabricius, 1788) , from the family Majidae, is found in the Northwest Atlantic Ocean (from Greenland to the Gulf of Maine), the North Pacific Ocean, the Arctic Ocean, the Bering Sea and the Japan Sea (Slizkin, 1982; Squires, 1990) . The body of the snow crab is flat, almost circular, and has five pairs of long flattened legs, the first bearing strong claws. The shell is light brown on the back and creamy white on the belly. The adult male has an approximate carapace width (CW) between 40 and 165 mm, the adult female between 40 and 95 mm (Squires, 1990) . Male snow crabs (. 40 mm CW) found in the southern Gulf of St. Lawrence (SGSL) generally molt once a year and are characterized by a terminal molt Conan et al., 1988) . The adults are generally found on muddy and sandy bottoms at depths between 20 to 400 m and at temperatures varying between À1 to 38C (Chassé et al., 2004) .
The age structure of the stock plays a role in the management of the snow crab fishery. In the SGSL, age is determined using the hardness of the exoskeleton and carapace condition, e.g., scars, wear, and foulers (Moriyasu et al., 1998) . The same method has been applied on the Scotian Shelf (SS) since 1996 (Biron et al., 1997) . This strategy, however, may be problematic since the fouling community may differ from a region to another. Though the criteria used in management grids refer to a global abundance of epibionts, the presence of specific foulers on crabs, such as bryozoans (often referred as moss in management grids) and barnacles, could affect the determination of carapace condition and in turn shell age determination. This may potentially have management implications.
Very little is known about the fouling community observed on the exoskeleton of snow crabs off the eastern Canadian coast. Settlement and accumulation of foulers on the exoskeleton generally occur after the terminal molt Conan et al., 1988) . The structure of the fouling community may provide some interesting information to better determine the crab's carapace condition, increase the precision of shell age determination, increase our ability to recognize various stocks and possibly follow the migration of crabs from a region to another. Dick et al. (1998) , for instance, underlined that a relationship may exist between the occurrence and the mean number of foulers and shell age for the tanner crab (Chionoecetes bairdi) off the coast of Alaska.
The present paper documents the variation of the fouling community observed on the exoskeleton of snow crabs from the SGSL and SS regions. The aim of this study was to: 1) identify the members of the fouling community, and 2) describe its variations among and within the studied regions. Results should provide a useful comparative data set for two snow crab fishing grounds off the Canadian east coast and allow us to update the list of foulers found on snow crabs. Results could also provide the basis for new management tools. For instance, preliminary results from Savoie (2006) on the epibionts of snow crabs sampled in the SGSL and SS regions already lead assessment biologists to retrieve the 3M category, i.e., stage 3 with moss, from management consideration of the SS snow crab fishery, while introducing the new concept of dirty ''young'' crab (Biron, personal observation) .
MATERIALS AND METHODS
Snow crabs were collected off the eastern coast of Canada from the SGSL and the SS (Fig. 1) . The sea bottom is characterized by a combination of muddy substrata and low temperatures over a broad depth range (de Lafontaine et al., 1991; Desrosiers et al., 2000) . The SGSL consists of a shallow shelf, the Magdalen Shallows, with depths mostly less than 100 m (Loring and Nota, 1973) . It is bordered on the north by a 500 m deep trench, the Laurentian Channel. In contrast, the SS is quite heterogeneous with its rough bottom topography characterized by shallow and hard bottom areas near the shore and various offshore banks (, 100 m deep) separated by deep muddy channels and basins (150 to 250 m deep) (Davis and Browne, 1996) .
The identification of the fouling community was described using 762 adult male crabs. Crabs were collected with a Bigouden Nephrops trawl (Conan et al., 1994) hauled by a 20 m stern-trawler chartered by the Department of Fisheries and Oceans (DFO) for the annual assessment of the SGSL and SS snow crab stocks (Biron et al., 2003; Hébert et al., 2003) . (Fig. 1) . Each sampled area included five stations where 6 crabs were randomly collected from the trawl. Each chosen area corresponded to sites where snow crab fishing activities are important (Biron et al., 2000; Hébert et al., 2000) . At each location, temperature (MinilogÒ sensor), depth (depth sounders) and position (DGPS system) were taken. Each crab collected was bagged and frozen individually and brought back to the laboratory for analysis.
Carapace width (CW), carapace length (CL) and chela height (CH) were measured in all crabs with a digital vernier caliper (Conan and Comeau, 1986) . These parameters were used to insure that crabs had a terminal molt. Crabs were categorized using the carapace stages from Moriyasu et al. (1998) . The dorsal, ventral and limb external surfaces of the carapace were examined for epibiotic coverage on each crab. The type, location and number of fouling organisms were noted. Although foulers were identified to the genus or, whenever possible, to the species, only the family was used in the analyses due to a small number of individual for certain genera. Counts were made for solitary individuals. Epibiotic families occurring in 10% or less of crabs were considered minor families while the ones occurring in 50% or more major families. Abundance determination for colonial animals was made differently depending on the species. For the colonial bryozoans Alcyonidium spp., estimated percentage coverage was recorded for each of the crab's external surfaces (dorsal, ventral and side legs). A count of 1 individual was given to Alcyonidium spp. in the case of a surface coverage of 10% (Dick et al., 1998) . The estimated percentage coverage was divided by 10 and rounded to give the number of individuals in cases were surface coverage exceeded 10%. Each separate colony of Multivariate analyses were used to study the fouling assemblages including multi-dimensional scaling (MDS), analysis of similarities (ANOSIM) and similarity percentages (SIMPER). These analyses were carried out with PRIMER 5 (Primer E, 2002) . MDS were based on BrayCurtis similarities. Data (number of each epibiont per crab) were transformed (fourth root-transformation) to minimize bias from highly abundant families. The ANOSIM significance test (Clarke, 1993) was used to compare similarities in family compositions between samples. A 2-way nested ANOSIM was performed with the transformed data to test differences between the 2 regions and the 10 sampled areas. A 1-way layout of ANOSIM was performed for each region. A 2-way nested ANOSIM was performed with the transformed data to test differences between the groups within each area. Similarity of percentages analysis (SIMPER) was used to determine which family contributed the most to any dissimilarity among regions (Clarke and Warwick, 1994) .
RESULTS

General Observations: Occurrence and
Relative Abundances Overall, bryozoans (94.5%) and polychaetes (68.8%) were the most prevalent taxa in the SGSL (Fig. 2) . Cirripedes (89.1%), bryozoans (83.2%) and polychaetes (77.2%) were the most important taxa in the SS. Twenty-one sessile invertebrate families distributed within 6 phyla were found on the exoskeleton of snow crabs. Eighteen were found in the SGSL and nineteen were found in the SS. For the SGSL, nine families were considered minor, and three were considered major. The most important genera were the bryozoans Alcyonidium spp. (87.5%) and Hippothoa spp. (77.5%), and the polychaetes Spirorbis spp. (68.8%). For the Scotian Shelf, eight families were considered minor in occurrence and three were considered major. The major species were the cirripedes Balanus spp. (89.1%), bryozoans Alcyonidium spp. (78.2%) and the polychaetes Spirorbis spp. (77.2%).
Occurrences of each identified family can be found in Savoie (2006) , where percentages are related to each area sampled. Overall, the fouling community varied in relation to the region. About 1/3 of the major families and 1/2 of the minor families varied between regions. Bryozoans from the families Calloporidae, Celleporidae, and Schizoporellidae appeared more frequently in the SGSL than in the SS, where Nolellidae appeared more frequently. Hydrozoans from the family Campanularidae appeared more frequently in the SS than in the SGSL. Cirripedes and bivalves species were found in all areas of the SS, but were mostly absent from the SGSL. Tubularidae (Hydrozoa) and Lepadidae (Cirripedia) were found in the SS but not in the SGSL, while Membraniporidae and Tubuliporidae (both bryozoans) were only found in the SGSL. However, the latter four families were rarely observed and made no difference in the overall taxonomic composition found on the exoskeleton of crabs between the regions.
Strong similarities between areas G5 (SGSL) and E1 (SS) were observed (see Savoie, 2006) . For instance, Balanidae (Cirripedia) in the SS occurred on 89% of crabs. This is 8 times higher than the ones in SGSL, where members from Balanidae were mostly observed in G5 (SGSL). Furthermore, the only member of the Anomidae (Bivalvia) found in the SGSL was observed in area G5, while they were found in all areas of the SS. Cocoons from the hirudine, Johanssonia artica (Annelida), were frequently observed in area G5 (57.8%) and were apparently related to the Cape Breton area. The cocoons were always observed on the limbs of the crabs and mostly found on clean crabs.
The relative abundance of taxa observed on the exoskeleton of crabs further suggests that there were differences in the structure of the fouling community between the two regions as well as within a region (Fig. 3) . The relative abundances for all families are again presented per sampled areas in Savoie (2006) . Species of Spirorbidae were more abundant in the SGSL, whereas species from Balanidae were more abundant in the SS. Alcyonididae and Hippothoidae were more abundant in the SGSL than the SS. In the SGSL, Alcyonidium spp. were predominantly found in G1 (41.3%) and G2 (29.8%). Spirorbis spp. were the most prevalent group in G3 (51.3%) and G4 (73.1%), while Hippothoa spp. were more abundant in G1 (24.1%), G2 (46.8%) and G3 (25.9%). The major species in G5 was Johanssonia artica (45.7%). In the SS, Balanus spp. were predominant in areas E1 (71.2%), E2 (76.7%), and E5 (82.2%). Compared to Balanus spp., Spirorbis spp. were predominant in areas E3 (49.6% vs 34.6 %) and E4 (39.5% vs 27.4%). No negative correlation, however, was found between those 2 species.
Differences in the environmental conditions were apparent between the two regions (Table 1) . Overall, depths and temperatures from the SGSL were shallower and colder than in the SS.
Multivariate Analyses
The main groups revealed by the MDS plot (Fig. 4) confirmed that the fouling communities from the SGSL differed from SS. The MDS plot also suggested that area G5 shared similarities with both SGSL and SS regions. Results from the 2-way nested ANOSIM showed that region was a significant factor in determining the fouling community assemblage (R ¼ 0.588; P ¼ 0.032). Variations within a given region were also significant (R ¼ 0.487; P , 0.001). In the SGSL, pair-wise tests showed that fouling assemblages differed from one site to another (Fig. 3, Table 2 ). In the SS, the pair-wise test showed that fouling assemblages differed from site to site except for E2 and E5 which did not differ. SIMPER analysis revealed that Balanidae (44.9%) and Spirorbidae (23.0%) were the main taxa responsible for the dissimilarity in the community structure between regions (Table 3) . Hippothoidae (9.5%), Alcyonididae (8.9%), Piscicolidae (3.4%) and Anomidae (2.7%) contributed a minor percentage to the dissimilarity. In the SGSL, Spirorbidae (26.3%), Hippothoidae (31.67%) and Alcyonididae (38.1%) families contributed most to the similarity, while Balanidae (71.3%) and Spirorbidae (17.2%) contribute to the similarity of the SS.
DISCUSSION
General Observations
The phyla found on the exoskeleton of snow crabs are consistent with results from various studies (Barnes and Bagenal, 1951; Shields, 1992; Becker, 1996; Dick et al., Fig. 3 . Relative abundance of taxonomic phyla observed on the exoskeleton of Chionoecetes opilio for each geographic region (including each sampling areas). 1998). According to these studies, hydrozoans, bryozoans, polychaetes, and acorn barnacles are commonly found on large crustaceans. Differences in the structure of the fouling community observed in the present study may be explained by various environmental factors where crabs were found. For instance, the rough bottom topography and bottom temperatures found on the SS are quite different from what is observed in the SGSL (Biron et al., 2000) . Crabs from the SGSL were collected from a depth averaging 87.5 6 21.2 m whereas those from the SS were collected at a mean depth of 150.6 6 42.8 m. Temperature averaged 0.6 61.18C in the SGSL and 2.6 6 1.38C in the SS. Barnacles, which are one of the main taxa responsible for differences in the fouling community structure in this study, were mainly found on crabs collected where bottom temperatures are relatively warm (2.9 6 1.28C). Biron et al. (2000) observed that barnacles were found mostly in the southern portion of the SS and along the edge of the Laurentian Channel where bottom temperatures are 3 to 58C warmer than what was recorded near shore. The fouling community observed on the carapace of snow crabs is constituted of a total of 21 families, both regions confounded. Differences observed between the SGSL and the SS are explained by the presence of barnacles in the SS. Inside a given region, the variation of abundances observed for different species explained the variations (polychaetes and bryozoans in the SGSL and polychaetes and barnacles in the SS). The major taxa (! 50% of occurrence), however, differed from a region to another and within a region. The ctenostome bryozoans Alcyonidium spp., balanoid barnacles Balanus spp., polychaete worms Spirorbis spp. and the cheilostome bryozoans from the family Hippothoidae were broadly distributed and highly abundant. The presence or absence of these taxa is probably controlling the diversity of the entire fouling community in both water systems, depending on the local and annual availability of larvae. Studies of community development in marine epifaunal systems have demonstrated that the first species to invade a substratum may have an important effect on subsequent colonization (Jackson, 1977; Osman, 1977; Sutherland and Kalson, 1977; Grosberg, 1981; Young and Gotelli, 1988) . The type of species, colonial or isolated individuals, may also influence the development of the epibiotic community as well (Jackson, 1977; Greene and Schoener, 1982; Young and Gotelli, 1988) . Young and Gotelli (1988) , for instance, observed that barnacles inhibit the recruitment of colonial bryozoans. They suggested that the presence of barnacles influenced the overall spatial settlement pattern of other sessile species as well. Results from the present study tend to suggest a similar response. The dominance of bryozoans in the SGSL and barnacles in SS may drive the overall structure of the fouling community of snow crabs. The polychaete Spirorbis spp. tends to be less frequent when barnacles Balanus spp. are present in high number. Spirorbis spp. was often observed on various parts of the crab, e.g., legs, when barnacles were present on the carapace. These observations suggest that spatial competition on crabs is important. The 2-way nested ANOSIM confirmed that the structure of the fouling community varied from one region to another. The similarities observed between area G5 and various areas of the SS may be explained by the fact that these areas are very similar in terms of environmental characteristics, e.g., bottom topography, temperature. The areas around Cape Breton Island may also be considered as a transition zone between the SSGL and the SS. Observations from a recent tagging study (Biron, unpublished data) tend to support this idea. Although the snow crab from SGSL has been described as a sedentary species (Watson, 1970; Brêthes and Coulombe, 1989) , results from Biron (unpublished) showed that crabs in SS may travel an average of 68 km in a year. Crabs tagged in the Sydney Bight area were found in area G5 in the present study. Snow crab movements may thus explain a large proportion of the similarity between the fouling communities in the Cape Breton area.
Management Implications
The fouling community observed on snow crabs from the SGSL differed from the one observed on the SS. The carapace condition criteria developed in the SGSL should not be used integrally in the SS. Differences observed between fouling communities (particularly the presence/ absence of bryozoans versus barnacles) may lead to an erroneous determination of the carapace condition and, in turn, an erroneous shell age for a given crab in the SS, which could have an impact on the management of this particular snow crab stock. The dominance of barnacles observed in the SS might affect the settlement and growth of the bryozoans that are used to age crabs in the SGSL. Specific criteria for classifying carapace condition should be developed for the SS, e.g., presence and abundance of barnacles. Preliminary results from Savoie (2006) showed that barnacles were observed on crabs with carapace condition 1 and 2. This was particularly true for crabs sampled near Sable Island on the SS. This is in contrast to observations made in the SGSL, where no barnacles occurred on crabs including individuals from the latter crab categories. This observation already led management officers to retrieve the 3M category from the management grids used in the SS. Furthermore, the accumulation of epibionts on snow crabs apparently does not always indicate the presence of old crabs in the stock.
Bryozoans found in the SGSL suggest that the currently used criteria to classify carapace condition and shell age determination are still valid for this region. The monitoring of epibionts should, however, be carried out periodically to check if bryozoans maintain their usefulness in this regard for this region. This is particularly true in the context of global warming and the appearance of invasive species.
